Co-metabolic degradation of monofluorobenzoates was carried out by a mixed soil population in a basal salts medium. The monofluorobenzoates did not support growth of microorganisms but were shown to be subject to ring cleavage as a result of microbial activity. Rate of ring cleavage was increased by use of the co-substrate enrichment technique using glucose as the co-substrate. Results indicated that the monofluorobenzoates were subject to an initial co-metabolic attack with glucose, providing the energy necessary for co-metabolism to proceed to a point where complete metabolism became possible.
The occurrence of microorganisms capable of growing at the expense of monofluorobenzoates appeared to be rare as judged by the failure of Hughes (7) to isolate such organisms from enrichment cultures. Hughes (7) tested 20 soil samples from a variety of habitats for bacteria capable of growth in a basal salts medium containing benzoate or o-fluorobenzoate as the sole source of carbon and energy. In all cases, strains of pigment-forming Pseudomonas spp. were isolated from the benzoate-containing medium, but none of these isolates was capable of growth at the expense of o-fluorobenzoate.
Fewson, Kennedy, and Livingstone (Biochem. J. 109:6p-7p, 1968) reported that Vibrio sp. could oxidize o-, m-, and p-fluorobenzoate during growth on benzoate, although the organism could not utilize the fluorobenzoates as a source of carbon and energy for growth. In addition, fluorobenzoates were readily oxidized by Nocardia erythropolis grown at the expense of benzoic acid, although growth of the organism on benzoate was suppressed by the fluorobenzoates and the fluoro-analogues failed to support growth of Nocardia (9) .
In this paper we report on the degradation of monofluorobenzoates by the process of co-metabolism (3) and demonstrate the ability of the co-substrate enrichment technique (3, 4) to enhance the rate of degradation of these compounds.
MATERIALS AND METHODS
The basal salts medium used in this study was the same as that previously reported (5) . Fluorobenzoates were added to the medium at a concentration of 250 mg/liter. In addition, the co-substrate enrichment flasks contained glucose at a concentration of 1 g/liter. The fluorobenzoate-salts media were inoculated with 12.5 ml of a soil suspension (1 g of soil per 100 ml of distilled water), as were the fluorobenzoate-salts-glucose media. Duplicates of each medium type remained uninoculated and served as controls to determine photodegradation of the fluorobenzoates. All systems contained 500 ml of medium per 1-liter Erlenmeyer flask and were incubated at 25 C.
The concentration of fluorobenzoates was measured by the spectrophotometric procedure of MacRae and Alexander (8) . Fluorocatechol and/or catechol accumulation was quantitated by the Arnow procedure (1).
Population growth was determined turbidimetrically using a Spectronic 20 at a wavelength of 540 nm. In addition, cell numbers were determined by standard plate count techniques using the same medium type as that contained in the experimental flask plus 15 g of ion agar per liter of medium.
RESULTS AND DISCUSSION
Oxidation ofo-, m-, and p-fluorobenzoic acids was shown clearly to be the result of bacterial co-metabolism. Use of these compounds as sole sources of carbon and energy in a basal salts medium resulted in loss of ultraviolet-absorbing material, indicating ring cleavage in 15 days for o-fluorobenzoate ( Fig. 1) , 18 days for m-fluorobenzoate (Fig. 2) , and 15 days for pfluorobenzoate (Fig. 3) . However, growth of microorganisms did not occur as a result of any of these oxidations, even when the fluorobenzoates were increased in concentration to 500 mg/liter and 1 g/liter, thus establishing the inability of the soil populations to derive carbon and/or energy from the described oxidations. No loss of ultraviolet-absorbing material was detected in the uninoculated control media. These results clearly established the role of microbial co-metabolism in the cleavage of the 0.200 zoate (Fig. 3) and o-fluorobenzoate (Fig. 1) to 18 days for m-fluorobenzoate (Fig. 2) Fig. 1-3) .
The (Fig. 1) , of m-fluoroben-0.200_ zoate in 15 days (Fig. 2) , and of p-fluorobenzoate in 10 days (Fig. 3) . Arnow-positive material appeared in measurable concentrations only in the system containing m-fluorobenzoate plus glucose (Fig. 2 ) and in this regard differed considerably from results obtained with chlorobenzoates plus glucose (4).
Of considerable interest was the effect on The co-metabolic degradation of all three fluorobenzoates was preceded by initial lag periods of varying lengths (Fig. 1-3) . The lag periods varied from a time as short as 4 days with p-fluorobenzoate (Fig. 3) nal cell crop greater than that occurred in a glucose-salts medium (Fig. 4) , but the final cell crop was not significantly affected by the position of the fluorine substituent on the aromatic ring. Since growth at the expense of the fluorobenzoates did not occur in the absence of the cosubstrate, it appeared that the additional growth obtained in the co-substrate enrichment systems was due to utilization of one or more products derived from the initial co-metabolic attack on the fluorobenzoates. Glucose served to provide the energy for co-metabolism to proceed to a point where complete metabolism of intermediate products became possible. These results are similar to those obtained by Hor- vath and Koft (6) , who showed that the energy for the co-metabolic degradation of alkyl benzene sulfonate by Pseudomonas HK-1 was derived from the oxidation of glucose. The alkyl benzene sulfonate alone was not able to support growth of the Pseudomonas in a basal salts medium, but growth in a glucose-basal salts medium was enhanced by the addition of alkyl benzene sulfonate.
Results obtained in this study establish the usefulness of the co-substrate enrichment technique in enhancing the rate and extent of degradation of fluorobenzoates. In addition, this report supports earlier work (2-4, 6) indicating the ability of natural bacterial populations, grown under co-substrate enrichment conditions, to completely degrade halogenated benzoates and related compounds.
